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Presentation OutlinePresentation Outline

•• Overview of invasive species workOverview of invasive species work
with USGSwith USGS

•• GSFC activities/objectivesGSFC activities/objectives

•• Highlights Highlights –– statistical modeling, statistical modeling,
parallel computing, incorporatingparallel computing, incorporating
MODIS data, and compiled data setsMODIS data, and compiled data sets

•• Plans/Future directionsPlans/Future directions
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Invasive SpeciesInvasive Species
A Top Environmental Issue of the 21A Top Environmental Issue of the 21stst Century  Century ……

Economic Costs:Economic Costs:
•• $137+ Billion / Yr$137+ Billion / Yr

(Pimentel, et al. 1999; NISRC Management Plan, 2001)(Pimentel, et al. 1999; NISRC Management Plan, 2001)

Environmental Costs:Environmental Costs:
•• Decreased biodiversity,Decreased biodiversity,
ecological services, etc.ecological services, etc.

Human-Health Costs:Human-Health Costs:
•• West Nile Virus, Malaria, etc.West Nile Virus, Malaria, etc.

Agricultural Costs:Agricultural Costs:
•• Crop pathogens, hoof-and-Crop pathogens, hoof-and-
mouth, mad cow diseasemouth, mad cow disease

Notorious examples includeNotorious examples include::

Dutch elm disease, chestnut blight, and purpleDutch elm disease, chestnut blight, and purple
loosestrife in the northeast; kudzu, Brazilianloosestrife in the northeast; kudzu, Brazilian
peppertree, water hyacinth, nutria, and fire antspeppertree, water hyacinth, nutria, and fire ants
in the southeast; zebra mussels, leafy spurge,in the southeast; zebra mussels, leafy spurge,
and Asian long-horn beetles in the Midwest; saltand Asian long-horn beetles in the Midwest; salt
cedar, Russian olive, and Africanized bees incedar, Russian olive, and Africanized bees in
the southwest; yellow star thistle, European wildthe southwest; yellow star thistle, European wild
oats, oak wilt disease, Asian clams, and whiteoats, oak wilt disease, Asian clams, and white
pine blister rust in California;pine blister rust in California; cheatgrass cheatgrass,,
various knapweeds and thistles in the Greatvarious knapweeds and thistles in the Great
Basin; whirling disease ofBasin; whirling disease of salmonids  salmonids in thein the
northwest; hundreds of invasive species fromnorthwest; hundreds of invasive species from
microbes to mammals in Hawaii; and the brownmicrobes to mammals in Hawaii; and the brown
tree snake in Guam.tree snake in Guam.

As many as 50,000 now,As many as 50,000 now,
hundreds new each year ...hundreds new each year ...
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Federal GovernmentFederal Government
ResponseResponse

National Invasive SpeciesNational Invasive Species
Council Council (EO 13122 - 1999)(EO 13122 - 1999)

•• Co-Chaired by Departments ofCo-Chaired by Departments of
Agriculture, Commerce, andAgriculture, Commerce, and
InteriorInterior

USGSUSGS has a lead role in dealing has a lead role in dealing
with invasive species with invasive species sciencescience in in
natural and semi-natural areasnatural and semi-natural areas
•• Responsible for measurement,Responsible for measurement,
management, and control on allmanagement, and control on all
Department of Interior andDepartment of Interior and
adjacent lands ...adjacent lands ...
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USGS National InstituteUSGS National Institute
of Invasive Species Scienceof Invasive Species Science

USGS Biological Resources DivisionUSGS Biological Resources Division
(BRD) laboratory(BRD) laboratory

Located atLocated at USGS USGS’’s s Ft. CollinsFt. Collins
Science CenterScience Center

New facilities opened Aug New facilities opened Aug ‘‘0202

Director, TomDirector, Tom Stohlgren Stohlgren

Many current / future partners ...Many current / future partners ...

“Needed: A National Center For Biological Invasions”
Don Schmitz and Dan Simberloff
Issues in Science and Technology, Summer 2001

“Grand Challenge: Biodiversity and Ecosystem 
Functioning” with special emphasis on invasive species ...

NRC Committee on Grand Challenges in
Environmental Sciences, 2001
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USGS Science / Client NeedsUSGS Science / Client Needs

On-demand, On-demand, predictive predictive (in space and(in space and

time) time) landscape- and regional-scalelandscape- and regional-scale
models and maps for biologicalmodels and maps for biological
invasionsinvasions
•• Pick any point, land management unit, county,Pick any point, land management unit, county,

state, or region and determine the state, or region and determine the currentcurrent
invasion, and vulnerability to invasion, and vulnerability to futurefuture invasion by invasion by
species.species.

•• Pick any species or group of species, and getPick any species or group of species, and get
currentcurrent distributions,  distributions, potentialpotential distribution and distribution and
rate of change, each with estimates ofrate of change, each with estimates of
uncertainty.uncertainty.

Data integration and sharingData integration and sharing
•• Comprehensive information on control effortsComprehensive information on control efforts

and cost. Share early detection data, controland cost. Share early detection data, control
strategies, local expertise. Help public andstrategies, local expertise. Help public and
private land managersprivate land managers.. No Data

Number of Species
1 - 51
51 - 120
120 - 197
197 - 303
303 - 674
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Science QuestionsScience Questions

What are the biotic and What are the biotic and abiotic abiotic factorsfactors
determining species distributions atdetermining species distributions at
local and landscape scales?local and landscape scales?

Where are local concentrations ofWhere are local concentrations of
endemism, richness, abundance, andendemism, richness, abundance, and
biomass?biomass?

What processes drive habitat andWhat processes drive habitat and
community dynamics?community dynamics?

How do invasive species interact withHow do invasive species interact with
other environmental changes?other environmental changes?
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Why this is a difficult challengeWhy this is a difficult challenge

High-resolution, in space and time, isHigh-resolution, in space and time, is
critical but critical but ““expensiveexpensive””

Biodiversity Biodiversity ““hotspotshotspots”” play a critical play a critical
role in the biosphere role in the biosphere ……
we must be able to adaptivelywe must be able to adaptively
span global and local scalesspan global and local scales

Early detection essential for rapidEarly detection essential for rapid
response and effectiveresponse and effective
managementmanagement

Quantifying pathways of introductionQuantifying pathways of introduction
essential for cost/benefit guidanceessential for cost/benefit guidance
for eradication and control for eradication and control ––
requires more than remotelyrequires more than remotely
sensed datasensed data

Modeling involves large amounts ofModeling involves large amounts of
data with inherent spatial structuredata with inherent spatial structure
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National Invasive SpeciesNational Invasive Species
Forecasting System (ISFS) *Forecasting System (ISFS) *

Research funded byResearch funded by
NASANASA’’s Earth Science Enterprises Earth Science Enterprise
•• Terra and Aqua Science ApplicationsTerra and Aqua Science Applications

Value Added Products from MODIS Time-Series Data Sets to Support DOI/USGSValue Added Products from MODIS Time-Series Data Sets to Support DOI/USGS
Invasive Species ManagementInvasive Species Management
(Morisette, Pedelty,(Morisette, Pedelty, Schnase Schnase, &, & Stohlgren Stohlgren))

•• Interdisciplinary ScienceInterdisciplinary Science
Fingerprinting Native and Non-native Biodiversity in the United StatesFingerprinting Native and Non-native Biodiversity in the United States
Phase I Phase I –– The Western US The Western US
((StohlgrenStohlgren, , SchnaseSchnase, Morisette, Pedelty), Morisette, Pedelty)

••ReaSON ReaSON CANCAN
((SchnaseSchnase, Smith, , Smith, StohlgrenStohlgren))

••Carbon Cycle Science ApplicationsCarbon Cycle Science Applications
ProgramProgram
Predicting Regional-Scale Exotic Plant Invasions in Grand Staircase-EscalantePredicting Regional-Scale Exotic Plant Invasions in Grand Staircase-Escalante
National MonumentNational Monument
(NASA YS/YO NRA - Schnase, Smith, &(NASA YS/YO NRA - Schnase, Smith, & Stohlgren Stohlgren))

••Computational Technologies ProgramComputational Technologies Program
Biotic Prediction: Building the Computational Technology Infrastructure for PublicBiotic Prediction: Building the Computational Technology Infrastructure for Public
Health and Environmental ForecastingHealth and Environmental Forecasting
(NASA YS CAN - Schnase, Smith, & (NASA YS CAN - Schnase, Smith, & StohlgrenStohlgren))
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Invasive Species ForecastingInvasive Species Forecasting
System  ArchitectureSystem  Architecture
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Hot spots of nativeHot spots of native
biodiversitybiodiversity

Distribution ofDistribution of
non-native speciesnon-native species

Potential spread ofPotential spread of
invasive species.invasive species.

Barriers to rapidBarriers to rapid
invasions.invasions.

Corridors that mayCorridors that may
accelerate invasions.accelerate invasions.

Economic andEconomic and
environmental riskenvironmental risk
assessments,assessments,
vulnerability of habitatsvulnerability of habitats
to invasion.to invasion.

Priorities for control andPriorities for control and
containment.containment.

OutputOutput
GIS - Spatial GIS - Spatial 

Statistical Dynamic Statistical Dynamic 
Models and MapsModels and Maps

Final Trend Final Trend 
Surface MapSurface Map
Large - SmallLarge - Small

Scale VariabilityScale Variability

Model ResidualsModel Residuals
Using Co-KrigingUsing Co-Kriging

Model Residuals Model Residuals 
Using * Using * Kriging *Kriging *

(Universal, (Universal, 
Ordinary, other) Ordinary, other) 

Regression Regression 
TreesTrees

ClassificationsClassifications

Testing if ResidualsTesting if Residuals
Cross-Correlated withCross-Correlated with

Other Variables Other Variables 

Testing if There IsTesting if There Is
Spatial Auto-CorrelationSpatial Auto-Correlation

In the Residuals In the Residuals 

Trend Surface AnalysisTrend Surface Analysis
With Stepwise Multiple With Stepwise Multiple 

Regression UsingRegression Using
OLS, GLS, SAR, or OLS, GLS, SAR, or 

* * Exhaustive Regression *Exhaustive Regression *  

YesYes

NoNo

NoNo

Input VariablesInput Variables (150+) (150+)

Remotely Sensed data:Remotely Sensed data:
(ETM, SPOT, MTI, EO1, etc.)(ETM, SPOT, MTI, EO1, etc.)

Derived Remote SensingDerived Remote Sensing
(Vegetation Indices, PCA(Vegetation Indices, PCA
Tasseled Cap, other)Tasseled Cap, other)

Biotic/Biotic/Abiotic Abiotic Data:Data:
Topographic DataTopographic Data

Species DataSpecies Data
Vegetation- Forest DataVegetation- Forest Data
Soils CharacteristicsSoils Characteristics
Cryptobiotic Cryptobiotic CrustsCrusts
Wildfire SeverityWildfire Severity
BiodiversityBiodiversity
Air PollutionAir Pollution

Geology, OtherGeology, Other
Environmental DataEnvironmental Data

YesYes YesYes

DSS
Products

Modeling

Ingest

““BaselineBaseline”” Predictive Modeling Predictive Modeling
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Field measurements of plant 
diversity within a sample plot

Tot. Plant = b0 + b1 ETM +b2 ELEV + Kriged Residuals

Tot. Plant = b0 + b1 ETM +b2 ELEV

Kriged residuals
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Kriging residuals to account forKriging residuals to account for
spatially correlated errorsspatially correlated errors
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An Elegantly Parallel AlgorithmAn Elegantly Parallel Algorithm

Parallelize using Domain DecompositionParallelize using Domain Decomposition

Each processor gets a chunk of complete rowsEach processor gets a chunk of complete rows

CPU 1

CPU 2

CPU 3
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Scaling CurvesScaling Curves

Number of processors
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Next Computing StepsNext Computing Steps

Moving to Apple Moving to Apple Xserve Xserve G5 / G5 / Xgrid Xgrid EnvironmentEnvironment
•• Server node + 10 compute nodes for GSFCServer node + 10 compute nodes for GSFC

Dual CPU G5 processors (2 GHz, 2 GB memory)Dual CPU G5 processors (2 GHz, 2 GB memory)

Gigabit Gigabit ethernet ethernet connectivityconnectivity

3 TB 3 TB XserveXserve RAID array RAID array

•• Server + 5 nodes for USGSServer + 5 nodes for USGS
•• Xgrid Xgrid for pool of processorsfor pool of processors

computing modelcomputing model
•• MPI also availableMPI also available
•• New systems on orderNew systems on order

Hope to receive in MayHope to receive in May
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National Invasive SpeciesNational Invasive Species
Forecasting System (ISFS) *Forecasting System (ISFS) *

Research funded byResearch funded by
NASANASA’’s Earth Science Enterprises Earth Science Enterprise
•• Terra and Aqua Science ApplicationsTerra and Aqua Science Applications

Value Added Products from MODIS Time-Series Data Sets to Support DOI/USGSValue Added Products from MODIS Time-Series Data Sets to Support DOI/USGS
Invasive Species ManagementInvasive Species Management
(Morisette, Pedelty,(Morisette, Pedelty, Schnase Schnase, &, & Stohlgren Stohlgren))

•• Interdisciplinary ScienceInterdisciplinary Science
Fingerprinting Native and Non-native Biodiversity in the United StatesFingerprinting Native and Non-native Biodiversity in the United States
Phase I Phase I –– The Western US The Western US
((StohlgrenStohlgren, , SchnaseSchnase, Morisette, Pedelty), Morisette, Pedelty)

••ReaSON ReaSON CANCAN
((SchnaseSchnase, Smith, , Smith, StohlgrenStohlgren))

••Carbon Cycle Science ApplicationsCarbon Cycle Science Applications
ProgramProgram
Predicting Regional-Scale Exotic Plant Invasions in Grand Staircase-EscalantePredicting Regional-Scale Exotic Plant Invasions in Grand Staircase-Escalante
National MonumentNational Monument
(NASA YS/YO NRA - Schnase, Smith, &(NASA YS/YO NRA - Schnase, Smith, & Stohlgren Stohlgren))

••Computational Technologies ProgramComputational Technologies Program
Biotic Prediction: Building the Computational Technology Infrastructure for PublicBiotic Prediction: Building the Computational Technology Infrastructure for Public
Health and Environmental ForecastingHealth and Environmental Forecasting
(NASA YS CAN - Schnase, Smith, & (NASA YS CAN - Schnase, Smith, & StohlgrenStohlgren))
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ObjectivesObjectives

Address how best to exploit the MODIS time-series for invasiveAddress how best to exploit the MODIS time-series for invasive
species forecasting.species forecasting.

Create a suite of value added MODIS time-series data productsCreate a suite of value added MODIS time-series data products
specifically tailored to management and policy decision-makingspecifically tailored to management and policy decision-making
within the National Institute of Invasive Species Science.within the National Institute of Invasive Species Science.

The derived products will be designed to feed directly into theThe derived products will be designed to feed directly into the
National Invasive Species Forecasting System and relatedNational Invasive Species Forecasting System and related
applications.applications.
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**VCLAqua NPP/VIIRS LDCM NPOESSLandsat 7 Terra

EOS & global land cover 
observations; Carbon & 
climate model assimilation

Baseline information & dynamics of major 
terrestrial types of invasive species

Exploratory studies to map 
biological resources using existing 
satellite sensors; coupled 
atmospheric-terrestrial models

Regional assessments of native & exotic plant diversity  
Capability to discriminate between potential “hot spots” of 
native & exotic plant diversity 

N. American Carbon Program & 
related international results incorporated 
into models (w/ C, climate, & ecosystem 
data assimilation.

Continental assessments of native & exotic plant diversity
Probable locations of rare habitats & potential areas for future invasion

Capability for assessment of complex structural habitats
(3-D vs former 2-D capability) 
Capability for terrestrial & aquatic prediction

Soil surface moisture 
measurements*

Enables modeling of invasive species spread as a 
function of soil fertility & vegetative processes

Second generation global land 
cover & change products

Capability to assess & predict 
patterns of species invasion & 
biodiversity for different land uses

Global atmospheric CO2

Capability to link biotic 
potential & diversity to 
carbon storage & flux

Current Trajectory

Steady improvement in model coupling & 
enhanced functional, structural, spatial, & 
temporal environmental measurements

Forest height & canopy volume 
sampled globally.  First global land 
cover change data product
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Invasive Species Roadmap
Forecasting and Management of Invasive Species

Primary Partners:

National Institute of Invasive Species 
Science: Local measurements 

2000 2002 2004 2006 2008 2010 2012

*Pre-
formulation 
**In review

National Institute of Invasive Species 
Science: Regional, National, Inter’l 

measurements & predictions 

Date: 6/14/2002

This project will make a direct contribution to the paths shown as yellow text on the blue background



1919

………………………………

……

……

……

XXn2n2XX1212RR22YY22XX22

XXn1n1XX1111RR11YY11XX11

Predictor NPredictor NPredictor 1Predictor 1responseresponselonlonLatLatExample
Existing Model Array:

Field-measured 
variable of interest

Predictors = 
f (observed values, satellite data and/or anciallary data)

DEM:
Elevation, 
slope, 
Aspect

Landsat NDVI
GPS X and y coordinates 

used to extract information 
from imagery and ancillary data

Landsat Tasseled 
Cap bands 1-3

Current Statistical Modeling ArrayCurrent Statistical Modeling Array
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Predictor NPredictor NPredictor 1Predictor 1responseresponselonlonLatLat

Example
Proposed Model Array:

Field-measured 
variable of interest

Predictors = 
f (observed values, satellite data and/or anciallary data)

DEM:
Elevation, 
slope, 
Aspect

Landsat NDVIGPS X and y coordinates 
used to extract information 

from imagery and ancillary data

Landsat Tasseled 
Cap bands 1-3

2001     2002

Summary Method MODIS
Summary Layers

MODIS Time series
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Enhanced Statistical Modeling ArrayEnhanced Statistical Modeling Array
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Graphic provided by NASA’s Scientific Visualization Studio
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Quantified improvement withQuantified improvement with
MODISMODIS

0
0.05
0.1
0.15
0.2
0.25
0.3
0.35
0.4
0.45

Rocky Mountain
National Park

Grand Staircase
Escalante
National
Monument

Cerro Grande

R2 without MODIS

R2 with MODIS

R2 values for experimental model runs on three study sites with and
without the use of MODIS time-series summaries
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Study SitesStudy Sites
Intensive Sites State Primary 

Agency

Target Issue Target Species (or 

groups)

Rocky Mountain 
National Park

(RMNP)
Cerro Grande Fire 

Site, Los Alamos
(CGFS)

Grand Staircase-
Escalante National 

Monument
(GSENM)

Konza Prairie, Long-
Term Ecological 

Research Site

LTER Program/ Estimating phenology and 
productivity in tallgrass 

prairie
(KP-LTER) NASA and detect woody 

encroachment
Extensive Site

State of Colorado
(CO)

CO National Park 
Service

Preserve native plant 
diversity in mountain parks

Patterns of non-
native plant species

NM USDA Forest 

Service

Vegetation restoration after 

wildfire in pine forests

Cover of native and 

non-native grass 
species

UT Bureau of Land 
Management

Grazing and plant 
invasions in arid 

ecosystems

Carbon storage of 
invasive cheatgrass 

and tamarisk

KS Rare tallgrass and 
herbaceous species

CO State of 
Colorado and 

Map sites vulnerable to 
plant invasions

Top 5 invasive plant 
species throughout 
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MODIS product to be consideredMODIS product to be considered

MOD09 Surface Reflectance EDC X X X X X

MOD11 Surface Temperature and 
Emissivity

EDC X X X

MOD43 BRDF/Albedo EDC X X X X X

MOD10 Snow Cover NSIDC X X X

MOD29 Sea Ice Extent NSIDC

MOD13 Vegetation Indices EDC X X X X X

MOD15 Leaf Area Index/Fraction of 

Photosynthetically Active 
Radiation (LAI/FPAR)

EDC X X X X X

Net Primary Vegetation 

Production
(NPP)

MOD12 Land Cover and Change EDC X X X X X

MOD14 Thermal Anomalies and Fire EDC X X X

MOD44 Vegetation Cover 

Conversion/ Continuous 
Fields (VCC/VCF)

EDC X X X X X

Product Suite Product DAAC RMNP CGFS GSENM KP-LTER CO

X X XMOD17 EDC X X



2525

Input data: Soil propertiesInput data: Soil properties

ImportanceImportance
•• Species habitat requirementSpecies habitat requirement

•• Determinant of species range boundaries,Determinant of species range boundaries,
corridors of invasion, dispersal patternscorridors of invasion, dispersal patterns

Current SourcesCurrent Sources
•• Type Type –– STATSGO, local soil maps; STATSGO, local soil maps;

Moisture Moisture –– passive microwave, radar, passive microwave, radar,
and NIRand NIR

SourcesSources
•• USGS USGS ““STATSGOSTATSGO””
•• http://water.http://water.usgsusgs..govgov/lookup//lookup/getspatialgetspatial??ussoilsussoils

Currently hold twenty soilCurrently hold twenty soil
properties raster layers at 30mproperties raster layers at 30m
spatial resolution for all ofspatial resolution for all of
ColoradoColorado
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Input data:Input data:
Elevation, slope and aspectElevation, slope and aspect

ImportanceImportance
•• Determinant of species rangeDeterminant of species range

boundaries, corridors of invasionboundaries, corridors of invasion
•• Influences hydrological, geological,Influences hydrological, geological,

and human processesand human processes

Current SourcesCurrent Sources
•• GTOPO 30; GLOBE 30GTOPO 30; GLOBE 30

arcsecarcsec/100m; USGS/European/100m; USGS/European
regional models; US DEMregional models; US DEM

Future SourcesFuture Sources
•• SRTM (global) 30m H/30m V; High-SRTM (global) 30m H/30m V; High-

resolution LIDAR; Military DTED2resolution LIDAR; Military DTED2
(global)(global)

Currently hold Shuttle RADARCurrently hold Shuttle RADAR
Topography Mission (SRTM)Topography Mission (SRTM)
digital elevation data, at 30mdigital elevation data, at 30m
spatial resolution spatial resolution mosaickedmosaicked
and clipped to the Colorado.and clipped to the Colorado.

Source: USGSSource: USGS
http://seamless.http://seamless.usgsusgs..govgov//
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Input data: Vegetation signalInput data: Vegetation signal

ImportanceImportance
•• Vegetation structure Vegetation structure thethe habitat habitat

parameter for many speciesparameter for many species
•• Structural complexity major driver ofStructural complexity major driver of

species richness in all environmentsspecies richness in all environments

Current SourcesCurrent Sources
•• Visible/Infrared Visible/Infrared –– ETM+, MODIS ETM+, MODIS
•• SAR - Estimates of canopy texture,SAR - Estimates of canopy texture,

biomass, geometry; AVHRR biomass, geometry; AVHRR –– NDVI NDVI

Future SourcesFuture Sources
•• LIDARLIDAR
•• VisVis/IR - ASTER/IR - ASTER

Currently hold 4 Tasseled-CapCurrently hold 4 Tasseled-Cap
& NDVI layers from Landsat-& NDVI layers from Landsat-
7 ETM+ (2000) for 7 ETM+ (2000) for ColoradaColorada
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ASD Spectra…

Simulated ETM+ Simulated ASTER
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Input data: Input data: PhenologyPhenology

ImportanceImportance
•• Plant Plant phenology phenology an important driver for animalan important driver for animal

speciesspecies
•• Many change habitats to track availableMany change habitats to track available

resourcesresources

Current SourcesCurrent Sources
•• Multispectral Multispectral imageryimagery

30m resolution several times per year30m resolution several times per year
250m resolution daily250m resolution daily

Future SourcesFuture Sources
•• Higher temporal resolution multi-spectralHigher temporal resolution multi-spectral
•• Satellite-borne hyperspectralSatellite-borne hyperspectral
•• Meterological Meterological datadata

Currently hold MODIS VegetationCurrently hold MODIS Vegetation
Index (VI) product (MOD13--16-dayIndex (VI) product (MOD13--16-day
composite with 250m spatialcomposite with 250m spatial
resolution,resolution, ver ver. 004) for four years. 004) for four years
(Feb. 2000 to present) for three(Feb. 2000 to present) for three
study sites and all of Coloradostudy sites and all of Colorado
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Science planScience plan

Short term Challenges:Short term Challenges:
•• Strategically focus on new variablesStrategically focus on new variables

(MODIS time series summary methods, precipitation/meteorological data)(MODIS time series summary methods, precipitation/meteorological data)

•• GSLIB kriging in parallel withGSLIB kriging in parallel with Xgrid Xgrid
•• Combinatorial screening (in lieu of stepwise regression) for linearCombinatorial screening (in lieu of stepwise regression) for linear

and logistic regression in parallel withand logistic regression in parallel with Xgrid Xgrid

Long Range Challenges:Long Range Challenges:
•• Code for generalized least squares for linear and logistic regressionCode for generalized least squares for linear and logistic regression

(accounting for spatial structure in model selection)(accounting for spatial structure in model selection)
Possible PhD student at GMU Computational Statistics DepartmentPossible PhD student at GMU Computational Statistics Department

•• Relate empirical results to physical/mechanist modelRelate empirical results to physical/mechanist model
•• Build modeling to forecast in space Build modeling to forecast in space and timeand time based on habitat based on habitat

suitability/availabilitysuitability/availability
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Additional data:Additional data:
MODIS time seriesMODIS time series

Lag (in days)
A
C
F

0.0 0.1 0.2 0.3 0.4

-0
.5

0.
0

0.
5

1.
0

 Series : modis.cts

Time in days

0.
2

0
.3

0.
4

0
.5

0.
6

0.
7

11/09/2000 04/10/2001 09/09/2001 02/08/2002 07/10/2002 12/09/2002

MODIS: time seriesMODIS: time series Autocorrelation functionAutocorrelation function
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Evaluation of Time-series SummariesEvaluation of Time-series Summaries

Initial tests used annual component ofInitial tests used annual component of
DFT*DFT*……other tools may be effective:other tools may be effective:
•• ““AnomaliesAnomalies””/residuals from fitted sine/residuals from fitted sine

wavewave
•• Date or slope of green-upDate or slope of green-up
•• Higher frequency components of DFTHigher frequency components of DFT

(biannual, quarterly cycles)(biannual, quarterly cycles)
- - InterannualInterannual variability variability

•• Explicit functional fits (e.g. asymmetricExplicit functional fits (e.g. asymmetric
Gaussian ofGaussian of J Jöönsson nsson and and Eklundh Eklundh 2002,2002,
TGARSTGARS 40(8), 1824 40(8), 1824))

•• Wavelet decompositionWavelet decomposition
(with J. (with J. LeMoigneLeMoigne, GSFC), GSFC)

•• Hilbert-Huang TransformHilbert-Huang Transform
•• Hyperspectral feature extractionHyperspectral feature extraction

techniques (with L. Bruce, Miss State U.)techniques (with L. Bruce, Miss State U.)

*similar to AVHRR work of Moody, A., and Johnson, D. 2001 RSE(75)305 
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Additional data:Additional data:
precipitation & temperatureprecipitation & temperature

Time in days

0.
0

0.
1

0.
2

0.
3

0.
4

01/01/2001 05/26/2001 10/18/2001 03/12/2002 08/04/2002 12/27/2002
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